
This invention relates generally to the field of hepatitis C virus (HCV) and, 
more specifically, to the discovery of an immunologically important motif in the 
E2/NS1 region. 



10 2. Brief Description of Related Art 

Hepatitis C virus (HCV) has been identified as the major causative agent of 
post-transfusion non-A, non-B hepatitis (NANBH). Materials and methods for 
obtaining the viral genomic sequences are known. See, e.g., PCT Publ. Nos. 
WO89/04669, WO90/1 1089, and WO90/ 14436. For general information about HCV, 

15 see Houghton et al. (1991), Hepatology 14:381-388. 

Molecular characterization of the HCV genome indicates that it is a RNA 
molecule of positive polarity containing approximately 9,500 nucleotides comprising a 

i long translational open-reading frame (ORF) that could encode a large polypeptide of 
approximately 3000 amino acids (aa) beginning with the first in-frame methionine 

20 codon. A hypervariable domain located at the amino terminus of the putative 

envelope glycoprotein E2/NS1 (also called E2) has been located, see PCT Publ. No. 
WO93/016126; Weiner et al. (1991), Virology 180:842-48; Weiner et al (1992), 
Proc. Natl. Acad. Sci. USA 89:3468-72; Weiner et al. (1992), Vaccines 92 :303-08. 
Cold Spring Harbor Laboratory. 

25 As observed for other RNA viruses, there is a substantial fluidity of the HCV 

genome resulting from an error-prone replicase and the absence of repair mechanisms 
that operate during DNA replication. Even in a single infected individual, the HCV 
genome does not exist as a homogeneous species. Rather, it exists as a quasi-species 
distribution of closely related but nevertheless heterogeneous genomes. Martell et al. 

30 (1992), J. Virol. 66:3225-3229. In addition, the process of host selection and 
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adaptation of a rapidly mutating genome has led to the evolution of many distinct (yet 
still fluid) HCV genotypes. At least four different HCV genotypes can be 
distinguished according to the actual degree of nucleotide and amino acid relatedness 



5 on partial sequences. Mori et al. (1992), Biochem. Biophys. Res. Commun. 183:334- 
342; Chan et al., (1992), J. Gen. Virol. 73:1131; Cha et al. (1992), Proc. Natl. 
Acad. Sci. USA 89:7144-7148. 



of HCV infection and assays for the diagnosis of HCV. 

The hypervariable region of E2/NS1 (E2HV) between about amino acid 384 to 
about amino acid 414 is a rapidly evolving region of HCV and appears to be under 
positive immune selection. The present invention relates to the existence within this 

15 subregion of a motif that is immunogenic and conserved with respect to the character 
of the amino acids. Although the E2HV amino acid sequences need not be identical 
within this motif, a definite pattern exists. In HCV1 , as well as a number of other 
isolates, this motif is seen at about amino acids 401 to 407. The presence of this 
motif in an immunogenic polypeptide is detectable by antibody binding. 

20 The discovery of this motif within the E2/NS1 hypervariable region allows for 

a strategy of producing materials, including polypeptides and antibodies that may be 
used for treatment of HCV, whether by direct or passive immunization. Additionally, 
diagnostic methods employing immunoassays or nucleic acid assays are included 
herein. 

25 Thus, in one aspect of this invention, a method for passively immunizing an 

individual for treatment of hepatitis C virus (HCV) infection is provided, the method 
comprising administering to the individual an antibody composition comprising an 
antibody capable of binding to a motif comprising an amino acid sequence I 



of full length sequences, and additional different genotypes have been identified based 



SUMMARY OF THE INVENTION 
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The present invention is directed to novel vaccine strategies for the treatment 
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wherein aal is S, G, A, D, K, R or T; aa2 is L, F, I, M or W; aa3 is F or L; aa4 is 
any amino acid; aa5 is any amino acid; and aa6 is G or A. In a further embodiment, 
aa7 is present and attached to aa6; aa7 is A, P, or S. 

In another aspect of this invention, an antibody capable of recognizing an 
5 antigenic determinant is provided, wherein the antigenic determinant comprises the 
amino acid sequence 

~JL^ aal-aa2-aa3-aa4-aa5-aa6C2^^fcrV5*' l) 

(wnerein aal is S, G, A, D, K, R or T; aa2 is L, F, I, M or W; aa3 is F or L; aa4 is 

any amino acid; aa5 is any amino acid; and aa6 is G or A. In a further embodiment, 
10 aa7 is present and attached to aa6; aa7 is A, P, or S. 

In a further aspect of this invention, an immunogenic polypeptide is provided 
comprising a motif characterized by 
<7/ aal-aa2-aa3-aa4-aa5-aa6 
whetern aal is S, G, A, D, K, R or T; aa2 is L, F, I, M or W; aa3 is F or L; aa4 is 
15 any amino acid; aa5 is any amino acid; and aa6 is G or A, provided that the motif is 
not contained within a 31 amino acid sequence of a naturally-occuring E2HV domain 
of an HCV isolate known as of May 12, 1993. In a further embodiment, aa7 is 
present and attached to aa6; aa7 is A, P, or S. 

In a still further aspect of this invention, a vaccine is provided comprising: (1) 
20 at least one immunogenic polypeptide comprising a motif characterized by 
"p-^ aal-aa2-aa3-aa4-aa5-aa6 C%0 XtffY£)< ! \ 

wherein aal is S, G, A, D, K, R or T; aa2 is L, F, I, M or W; aa3 is F or L; aa4 is 
any amino acid; aa5 is any amino acid; and aa6 is G or A; and (2) a pharmaceutically 
acceptable carrier. 

25 In yet another aspect of this invention, a method of treating an individual for 

HCV infection is provided, the method comprising administering to the individual the 
vaccine as described above. 

In another aspect of this invention, an immunoassay method for detecting anti- 
hepatitis C virus (HCV) antibodies in biological samples provided, the method 
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comprising: (a) incubating an antibody-containing biological sample suspected of 
containing anti-HCV antibodies with a probe antigen comprising an immunogenic 
polypeptide as described above to permit the formation of an antibody-antigen 
complex; and (b) detecting the antibody-antigen complex containing the probe antigen. 

5 

KRTKF DBS CRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic of the genetic organization of HCV. 
Fig. 2 shows the E2HV sequences for 90 HCV isolates. 
Fig. 3 shows the HCV E2HV sequence data from patients followed 
10 sequentially after HCV infection. 

Fig. 4 shows the percent of conservation for each amino acid at positions 384 
to 407 of E2HV. 

Fig. 5 presents bar graphs of epitope mapping showing the binding of serum 
from/sheep immunized with a peptide that spanned HCV1 E2HV region to 8-mer 
15 overlapping mimotopes that spanned the same region. 

Fig. 6 presents bar graphs of epitope mapping showing the binding of 
monoclonal anti-thyroxin antibodies to overlapping peptides of the E2HV region. 

Fig. 7 presents bar graphs of epitope mapping showing the binding of human 
serum albumin, prealbumin, and TBGp overlapping peptides of the E2HV region. 



20 



DETAILED DESCRIPTION OF THE INVENTION 



A. Definitions 

The practice of the present invention will employ, unless otherwise indicated, 
conventional techniques of molecular biology, microbiology, recombinant DNA, and 
25 immunology, which are within the skill of the art. Such techniques are explained 
fully in the literature. See e.g., Sambrook, et al., MOLECULAR CLONING; A 
LABORATORY MANUAL, SECOND EDITION (1989); DNA CLONING, 
VOLUMES I AND H (D.N. Glover ed. 1985); OLIGONUCLEOTIDE SYNTHESIS 
(M.J. Gait ed, 1984); NUCLEIC ACID HYBRIDIZATION (B.D. Hames & S.J. 
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Higgins eds. 1984); TRANSCRIPTION AND TRANSLATION (B.D. Hames & S.J. 
Higgins eds. 1984); ANIMAL CELL CULTURE (R.I. Freshney ed. 1986); IM- 
MOBILIZED CELLS AND ENZYMES (IRL Press, 1986); B. Perbal, A 
PRACTICAL GUIDE TO MOLECULAR CLONING (1984); the series, METHODS 
5 IN ENZYMOLOGY (Academic Press, Inc.); GENE TRANSFER VECTORS FOR 
MAMMALIAN CELLS (J.H. Miller and M.P. Calos eds. 1987, Cold Spring Harbor 
Laboratory); Methods in Enzymology Vol. 154 and Vol. 155 (Wu and Grossman, and 
Wu, eds., respectively); Mayer and Walker, eds. (1987), IMMUNOCHEMICAL 
METHODS IN CELL AND MOLECULAR BIOLOGY (Academic Press, London); 

10 Scopes, (1987), PROTEIN PURIFICATION: PRINCIPLES AND PRACTICE, 
Second Edition (Springer-Veriag, N.Y.); and HANDBOOK OF EXPERIMENTAL 
IMMUNOLOGY, VOLUMES I-IV (D.M. Weir and C. C. BlackweU eds 1986). 

Standard abbreviations for nucleotides and amino acids are used in this 
specification. All publications, patents, and patent applications cited herein are 

15 incorporated by reference. 

Hepatitis C virus (HCV) is a new member of the Family Flaviviridae, which 
includes the pestiviruses (hog cholera virus and bovine diarrhea virus) and the 
flavi viruses, examples of which are dengue and yellow fever virus. A scheme of the 
genetic organization of HCV is shown in Fig. 1 . Similar to the flavi- and 

20 pestiviruses, HCV appears to encode a basic polypeptide domain ("C") at the N- 
terminus of the viral polyprotein followed by two glycoprotein domains ("El," 
"E2/NS1") upstream of the nonstructural genes NS2 through NS5. The amino acid 
coordinates of the putative protein domains are shown in Table 1 . 
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Table 1. The Putative Protein Domains in HCV 
aa coordinates (approximated Protein 



1 - 191 


C 


192 - 383 


El 


384 - 750 


E2/NS1 


751 - 1026 


NS2 


1027 - 1488 


NS3 


1489 - 1959 


NS4 


1960- 3011 


NS5 



10 

Because the El and E2/NS1 regions of the genome encode putative envelope 
type glycoproteins, these regions are of particular interest with respect to 
immunogenicity and treatment of HCV. 

The average rate of change of the HCV genome within a single persistently- 

15 infected individual has been estimated to be 1-2 x 10" 3 nt changes per site per year. 
However, there is a much higher rate of change at the extreme 5 '-terminus of the 
gene encoding the N-terminus of the E2/NS1 glycoprotein. Weiner et al., in 
Frontiers in virology: Diagnosis of human viruses by polymerase chain reaction 
technolo gy (Springer Verlag, Heidelberg, 1992). This E2 hypervariable region 

20 (E2HV) spanning amino acids about 384-414 (using HCV1 as a standard for amino 
acid numbering) (previously named Region V, see, for example, Ogata et al. (1991), 
Proc. Natl. Acad. Sci. USA 88:3392-3396); Okamoto et al. (1992), Virology 
188:331-341) appears to be the most variable region of the HCV polyprotein and is 
different in virtually every isolate studied so far. Weiner et al. (1992), Proc. Natl. 

25 Acad. Sci. USA 89:3468-3472. A number of distinct antibody-binding epitopes have 
been mapped to this region and in one chrorucaUy-infected patient, the emergence of 
an E2HV variant has been documented, suggesting that escape mutants in this E2HV 
region may play an important role in the development of chronicity. 
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As used herein, a "variable domain" of a viral protein is a domain that 
demonstrates a consistent pattern of amino acid variation between at least two HCV 
isolates or subpopulations. Preferably, the domain contains at least one epitope. 
Variable domains can vary from isolate to isolate by as little as one amino acid 
5 change. These isolates can be from the same or different HCV group(s) or 
subgroup(s). Variable domains can be readily identified through sequence 
composition among isolates, and examples of these techniques are described below. 
For the purposes of describing the present invention, variable domains will be defined 
with respect to the amino acid number of the polyprotein encoded by the genome of 

10 HCV1, with the initiator methionine being designated position 1. The corresponding 
variable domain in anot^rHCV isolate is determined by aligning the two isolates 
sequences in a manner -the brings the conserved domains outside any variable domain 
into maximum alignment. This can be performed with any of a number of computer 
software packages, such as ALIGN 1.0, available from the University of Virginia, 

15 Department of Biochemistry (Attn: Dr. William R. Pearson). See Pearson et al., 
(1988) Proc. Natl. Acad. Sci. USA 85:2444-2448. It is to be understood that the 
amino acid numbers given for a particular variable domain are somewhat subjective 
and a matter of choice. Thus, the beginning and end of variable domains should be 
understood to be approximate and to include overlapping domains or subdomains, 

20 unless otherwise indicated. 

"Hypervariable domains" (HV) are variable domains exhibiting relatively high 
degrees of variability between isolates. In particular, the hypervariable region of 
HCV E2/NS1, referred to herein as E2HV, spans amino acids 384-414. 

The present invention utilizes a region within E2HV of E2/NS1 that has a 

25 conserved motif of amino acids, referred to herein as the "SLF-G^motif for either 
amino acids 401 to 406 or from amino acids 401 to 407. This region was discovered 
by analysis of sequences of 90 isolates that encompass at least four genotypes of 
HCV. Antibody preparations comprised of antibodies that bind to the region with the 
conserved motif are useful for passive immunization against HCV. 
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It is of course understood that the amino acids may be substituted with other 
molecules, for example, analogs of these amino acids, so long as the characteristics of 
the motif with respect to immunoreactivity are maintained. The immunoreactiyity of 



an antigenic determinant as compared to that of one comprised of the SLF~Qjnonf is 
determinable by one of ordinary skill in the art using routine methods. For example, 
known methods include those used for epitope mapping, as well as competitive 
binding to antibodies that are immunologically reactive (bind) with antigenic 
determinants containing the motif. 

As used herein, the term "polypeptide" refers to a polymer of amino acids and 
does not refer to a specific length of the product; thus, peptides, oligopeptides, and 
proteins are included within the definition of polypeptide. This term also does not 
refer to or exclude post-expression modifications of the polypeptide, for example, 
glycosylates, acetylations, phosphorylations and the like. Included within the 
definition are, for example, polypeptides containing one or more analogs of an amino 
acid (including, for example, unnatural amino acids, etc.), polypeptides with 
substituted linkages, as well as other modifications known in the art, both naturally 
occurring and non-naturally occurring. 

Polypeptides useful in the manufacture of the compositions of the present 
invention can be made recombinantly, synthetically, or in tissue culture. 
Recombinant polypeptides comprised of the truncated HCV sequences or full-length 
HCV proteins can be made up entirely of HCV sequences (one or more epitopes, 
either contiguous or noncontiguous) or sequences in a fusion protein. In fusion 
proteins, useful heterologous sequences include sequences that provide for secretion 
from a recombinant host, enhance the immunological reactivity of the HCV epitope(s) 
or facilitate the coupling of the polypeptide to a support or a vaccine carrier. See, 
e.g., EPO Publ. No. 116,201; U.S. Pat. No. 4,722840; EPO Publ. No. 259,149; 
U.S. Pat. No. 4,629,783. 

A significant advantage of producing the protein by recombinant DNA 
techniques rather than by isolating and purifying a protein from natural sources is that 
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equivalent quantities of the protein can be produced by using less starting material 
than would be required for isolating the protein from a natural source. Producing the 
protein by recombinant techniques also permits the protein to be isolated in the 
absence of some molecules normally present in cells. Indeed, protein compositions 
5 entirely free of any trace of human protein contaminants can readily be produced 
because the only human protein produced by the recombinant nonhuman host is the 
recombinant protein at issue. Potential viral agents from natural sources and viral 
components pathogenic to humans are also avoided. ~ 
^ Polypeptides comprised of the SLF— Qjnotif may be prepared by chemical 

r 

10 synthesis. Methods of preparing polypeptides by chemical synthesis are known in the 
art. The protein may be used for producing antibodies. An "antibody" is any 
immunoglobulin, including antibodies and fragments thereof (including F(ab), 
F(ab')2, and Fv) that binds a specific epitope. The term encompasses, inter aha , 
polyclonal, monoclonal, single-chain, and chimeric antibodies. Examples of chimeric 

15 antibodies are discussed in U.S. Patent Nos. 4,816,397 and 4,816,567. 

A polypeptide or amino acid sequence "derived from" a designated nucleic 
acid sequence refers to a polypeptide having an amino acid sequence identical to that 
of a polypeptide encoded in the sequence, or a portion thereof wherein the portion 
consists of at least 3-5 amino acids, and more preferably at least 8-10 amino acids, 

20 and even more preferably at least 11-15 amino acids, or which is immunologically 
identifiable with a polypeptide encoded in the sequence. This terminology also 
includes a polypeptide expressed from a designated nucleic acid sequence. 

The term "recombinant polynucleotide" as used herein intends a polynucleotide 
of genomic, cDNA, semisynthetic, or synthetic origin which, by virtue of its origin or 

25 manipulation: (1) is not associated with all or a portion of a polynucleotide with 
which it is associated in nature, (2) is linked to a polynucleotide other than that to 
which it is linked in nature, or (3) does not occur in nature. 

The term "polynucleotide" as used herein refers to a polymeric form of 
nucleotides of any length, either ribonucleotides or deoxy ribonucleotides. This term 



10 PATENT 
Docket No. 0938.001 

refers only to the primary structure of the molecule. Thus, this term includes double- 
and; single-stranded DNA and RNA. It also includes known types of modifications, 
for example, labels which are known in the art, methylation, "caps", substitution of 
one or more of the naturally occurring nucleotides with an analog, internucleotide 
5 modifications such as, for example, those with uncharged linkages (e.g., methyl 
phosphonates, phosphotriesters, phosphoamidates, carbamates, etc.) and with charged 
linkages (e.g., phosphorothioates, phosphorodithioates, etc.), those containing pendant 
moieties, such as, for example proteins (including for e.g. , nucleases, toxins, 
antibodies, signal peptides, poly-L-lysine, etc.), those with intercalators (e.g., 
10 acridine, psoralen, etc.), those containing chelators (e.g., metals, radioactive metals, 
boron, oxidative metals, etc.), those containing alkylators, those with modified 
linkages (e.g., alpha anomeric nucleic acids, etc.), as well as unmodified forms of the 
polynucleotide. 

A "replicon" is any genetic element, e.g., a plasmid, a chromosome, a virus, 
15 a cosmid, etc. that behaves as an autonomous unit of polynucleotide replication within 
a cell; i.e. , capable of replication under its own control. This may include selectable 
markers. 

A "vector" is a replicon in which another polynucleotide segment is attached, 
so as to bring about the replication and/or expression of the attached segment. 

20 "Control sequence" refers to polynucleotide sequences which are necessary to 

effect the expression of coding sequences to which they are ligated. The nature of 
such control sequences differs depending upon the host organism; in prokaryotes, - 
such control sequences generally include promoter, ribosomal binding site, and 
transcription termination sequence; in eukaryotes, generally, such control sequences 

25 include promoters and transcription termination sequence. The term "control 

sequences" is intended to include, at a minimum, all components whose presence is 
necessary for expression, and may also include additional components whose presence 
is advantageous, for example, leader sequences and fusion partner sequences. A 
"promoter" is a nucleotide sequence which is comprised of consensus sequences 
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which allow the binding of RNA polymerase to the DNA template in a manner such 
that mRNA production initiates at the normal transcription initiation site for the 
adjacent structural gene. 

"Operably linked" refers to a juxtaposition wherein the components so 
5 described are in a relationship permitting them to function in their intended manner. 
A control sequence "operably linked" to a coding sequence is ligated in such a way 
that expression of the coding sequence is achieved under conditions compatible with 
the control sequences. 

An "open reading frame" (ORF) is a region of a polynucleotide sequence 
10 which encodes a polypeptide; this region may represent a portion of a coding 
sequence or a total coding sequence. 

A "coding sequence" is a polynucleotide sequence which is translated into a 
polypeptide, usually via mRNA, when placed under the control of appropriate 
regulatory sequences. The boundaries of the coding sequence are determined by a 
15 translation start codon at the 5'-terminus and a translation stop codon at the 
3 '-terminus. A coding sequence can include, but is not limited to, cDNA, and 
recombinant polynucleotide sequences. 

"PCR" refers to the technique of polymerase chain reaction as described in 
Saiki, et al., Nature 324:163 (1986); and Scharf et al., Science (1986) 233:1076- 
20 1078; and U.S. Patent No. 4,683,195; and U.S. Patent No. 4,683,202. 

As used herein, x is "heterologous" with respect to y if x is not naturally 
associated with y in the identical manner; i.e., x is not associated with y in nature or 
x is not associated with y in the same manner as is found in nature. 

"Homology" refers to the degree of similarity between x and y. Homology 
25 between two polynucleotide sequences can be determined by techniques known in the 
art. For example, it can be determined by a direct comparison of the sequence 
information of the polynucleotide. Alternatively, homology can be determined by 
hybridization of the polynucleotides under conditions which form stable duplexes 
between homologous regions (for example, those which would be used prior to S 1 
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digestion), followed by digestion with single-stranded specific nuclease(s), followed 
by size determination of the digested fragments. 

"Recombinant host cells", "host cells," "cells," "cell cultures," and other such 
terms denote, for example, microorganisms, insect cells, and mammalian cells, that 
can be, or have been, used as recipients for recombinant vector or other transfer 
DNA, and include the progeny of the original cell which has been transformed. It is 
understood that the progeny of a single parental cell may not necessarily be 
completely identical in morphology or in genomic or total DNA complement as the 
original parent, due to natural, accidental, or deliberate mutation. Examples for 
mammalian host cells include Chinese hamster ovary (CHO) and monkey kidney 
(COS) cells. 

Specifically, as used herein, "cell line" refers to a population of cells capable 
of continuous or prolonged growth and division in vitro . Often, cell lines are clonal 
populations derived from a single progenitor cell. It is further known in the art that 
spontaneous or induced changes can occur in karyotype during storage or transfer of 
such clonal populations. Therefore, cells derived from the cell line referred to may 
not be precisely identical to the ancestral cells or cultures, and the cell line referred to 
includes such variants. The term "cell lines" also includes immortalized cells. 
Preferably, cell lines include nonhybrid cell lines or hybridomas to only two cell 
types. 

As used herein, the term "microorganism" includes prokaryotic and eukaryotic 
microbial species such as bacteria and fungi, the latter including yeast and filamentous 
fungi. 

"Transformation" refers to the insertion of an exogenous polynucleotide into a 
host cell, irrespective of the method used for the insertion, for example, direct 
uptake, transduction, f-mating or electroporation. The exogenous polynucleotide 
may be maintained as a non-integrated vector, for example, a plasmid, or 
alternatively, may be integrated into the host genome. 
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By "genomic" is meant a collection or library of DNA molecules which are 
derived from restriction fragments that have been cloned in vectors. This may 
include all or part of the genetic material of an organism. 

By "cDNA" is meant a complimentary mRNA sequence that hybridizes to a 
5 complimentary strand of mRNA. 

By "purified" and "isolated" is meant, when referring to a polypeptide or 
nucleotide sequence, that the indicated molecule is present in the substantial absence 
of other biological macromolecules of the same type. The term "purified" as used 
herein preferably means at least 75% by weight, more preferably at least 85% by 
10 weight, more preferably still at least 95% by weight, and most preferably at least 
98% by weight, of biological macromolecules of the same type present (but water, 
buffers, and other small molecules, especially molecules having a molecular weight of 
less than 1000, can be present). 

As used herein, "epitope" is a single antigenic determinant which has a 
15 structure complementary to the recognition site on a lymphocyte receptor or an 
antibody. Functionally, it is determined by the ability of an antigen to bind to an 
antibody in a standard assay. Generally, an epitope comprises at least 3 to 5 amino 
acids. Sometimes, epitopes can be larger, e.g., 6, 7, 8, 9, or 10 amino acids. 

An epitope or antigenic determinant is the equivalent of another epitope or 
20 antigenic determinant in a designated polypeptide when it cross-reacts with antibodies 
which bind immunologically to the epitope or antigenic determinant in the designated 
polypeptide. Often, these are one or more amino acids within an epitope that are not 
critical for antibody binding and are thus capable of substitution or even deletion. 
Although linear epitopes are usually short, contiguous sequences (subject to some 
25 change), conformational epitopes can be comprised of a few amino acids widely 

spaced within the linear amino acid sequence, but brought within close proximity due 
to folding or other secondary or tertiary structural features of the protein. 

An "antigen" is a polypeptide containing one or more antigenic determinants. 
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"Immunogenic" means the ability to elicit a cellular and/or humoral immune 
response. An immunogenic response may be elicited by immunogenic polypeptides 
alone, or may require the presence of a carrier in the presence or absence of an 
adjuvant. 

"Immunoreactive" refers to (1) the ability to bind immunologically to an 
antibody and/or to a lymphocyte antigen receptor or (2) the ability to be 
immunogenic. 

The amino acid sequence comprising the HCV epitope may be linked to 
another polypeptide (e.g., a carrier protein), either by covalent attachment or by 
expressing a fused polynucleotide to form a fusion protein. If desired, one may insert 
or attach multiple repeats of the epitope, and/or incorporate a variety of epitopes. 
The carrier protein may be derived from any source, but will generally be a relatively 
large, immunogenic protein such as BSA, KLH, or the like. If desired, one may 
employ a substantially full-length HCV protein as the carrier, multiplying the number 
of immunogenic epitopes. Alternatively, the amino acid sequence from the HCV 
epitope may be linked at the amino terminus and/or carboxy terminus to a non-HCV 
amino acid sequence, thus the polypeptide would be a fusion polypeptide. Analogous 
types of polypeptides may be constructed using epitopes from other designated viral 
proteins. 

An "individual" refers to a vertebrate, particularly a member of a mammalian 
species, and includes but is not limited to rodents (e.g., mice, rats, hamsters, guinea 
pigs), rabbits, goats, pigs, cattle, sheep, and primates (e.g., chimpanzees, African 
Green Monkeys, baboons, orangutans, and humans). 

As used herein, "treatment" refers to any of (i) the prevention of infection or 
reinfection, as in a traditional vaccine, (ii) the reduction or elimination of one or more 
symptoms associated with an HCV infected state, and (iii) the substantial or complete 
elimination of the virus. Treatment may be effected prophylactically (prior to 
infection) or therapeutically (following infection). 
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As used herein, a "biological sample" refers to a sample of tissue or fluid 
isolated from an individual, including but not limited to, for example, plasma, serum, 
spinal fluid, lymph fluid, the external sections of the skin, respiratory, intestinal, and 
genitourinary tracts, tears, saliva, milk, blood cells, tumors, organs, biopsies and also 
5 samples of in vitro cell culture constituents (including but not limited to conditioned 
medium resulting from the growth of cells in cell culture medium, e.g., Mab 
producing myeloma cells, recombinant cells, and cell components). 

An "immune response" to a composition or vaccine is the development in the 
host of a cellular and/or antibody-mediated immune response to the intracellular 

10 infectious agent that encodes the target antigen. Usually, such a response comprises 
the individual producing cytotoxic T cells and/or B cells and/or a variety of classes of 
T cells directed specifically to antigen presenting cells expressing the target antigen. 
B. Expression Systems 

The availability of DNA sequences encoding the polypeptides of this invention 

15 permits the construction of expression vectors encoding these polypeptides. The DNA 
encoding the desired polypeptide, whether in fused or mature form, and whether or 
not containing a signal sequence to permit secretion, may be ligated into expression 
vectors suitable for any convenient host. Both eukaryotic and prokaryotic host 
systems are presently used in forming recombinant polypeptides, and a summary of 

20 some of the more common control systems and host cell lines is given below. The 
polypeptide is then isolated from lysed cells or from the culture medium and purified 
to the extent needed for its intended use. Purification may be by techniques known in 
the art, for example, differential extraction, salt fractionation, chromatography on ion 
exchange resins, affinity chromatography, centrifugation, and the like. See, for 

25 example, Methods in Enzymology (Academic Press) for a variety of methods for 

purifying proteins. Such polypeptides can be used as diagnostics, or those which give 
rise to neutralizing antibodies may be formulated into vaccines. Antibodies raised 
against these polypeptides can also be used as diagnostics, or for passive immunother- 
apy. 
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Both prokaryotic and eukaryotic host cells may be used for expression of 
desired coding sequences when appropriate control sequences which are compatible 
with the designated host are used. Methods for such expression are known in the art. 
Among prokaryotic hosts, E. coli is most frequently used. Expression control 
5 sequences for prokaryotes include promoters, optionally containing operator portions, 
and ribosome binding sites. Transfer vectors compatible with prokaryotic hosts are 
commonly derived from, for example, pBR322, a plasmid containing operons 
conferring ampicillin and tetracycline resistance, and the various pTJC vectors, which 
also contain sequences conferring antibiotic resistance markers. These markers may 

10 be used to obtain successful transformants by selection. Commonly used prokaryotic 
control sequences include the B-lactamase (penicillinase) and lactose promoter systems 
(Chang et al. (1977) Nature 198:1056.), the tryptophan (trp) promoter system 
(Goeddel et al. (1980) Nucleic Acids Res. §:4057) and the lambda-derived P L 
promoter and N gene ribosome binding site (Shimatake et al. (1981) Nature 292:128) 

15 and the hybrid tac promoter (De Boer et al. (1983) Proc. Natl. Acad. Sci. USA 
292:128) derived from sequences of the trp and lac UV5 promoters. The foregoing 
systems are particularly compatible with E. coli : if desired, other prokaryotic hosts 
such as strains of Bacillus or Pseudomonas may be used, with corresponding control 
sequences. 

20 Eukaryotic hosts include yeast and mammalian cells in culture systems. 

Saccharomyces cerevisiae and Saccharomyces carlsbergensis are the most commonly 
used yeast hosts, and are convenient fungal hosts. Yeast compatible vectors carry 
markers which permit selection of successful transformants by conferring prototrophy 
to auxotrophic mutants or resistance to heavy metals on wild-type strains. Yeast 

25 compatible vectors may employ the 2\k origin of replication (Broach et al. (1983) 
Meth. Enz. 101:307), the combination of CEN3 and ARS1 or other means for 
assuring replication, such as sequences which will result in incorporation of an ap- 
propriate fragment into the host cell genome. Control sequences for yeast vectors are 
known in the art and include promoters for the synthesis of glycolytic enzymes (Hess 



17 PATENT 
Docket No. 0938.001 

et al. (1968) J. Adv. Enzyme Reg 7:149; Holland et al. (1978) Biochemistry 
17:4900), including the promoter for 3 phosphoglycerate kinase (Hitzeman (1980) J. 
Biol. Chem. 255:2073). Terminators may also be included, such as those derived 
from the enolase gene (Holland (1981) J. Biol. Chem. 256: 1385). Particularly useful 
5 control systems are those which comprise the glyceraldehyde-3 phosphate dehydrogen- 
ase (GAPDH) promoter or alcohol dehydrogenase (ADH) regulatable promoter, 
terminators also derived from GAPDH, and if secretion is desired, leader sequence 
from yeast a-factor. In addition, the transcriptional regulatory region and the 
transcriptional initiation region which are operably linked may be such that they are 

10 not naturally associated in the wild-type organism. These systems are described in 
detail in EPO 120,551, published October 3, 1984; EPO 116,201, published August 
22, 1984; and EPO 164,556, published December 18, 1985, all of which are assigned 
to the herein assignee, and are hereby incorporated herein by reference. 

Mammalian cell lines available as hosts for expression are known in the art 

15 and include many immortalized cell lines available from the American Type Culture 
Collection (ATCC), including HeLa cells, Chinese hamster ovary (CHO) cells, baby 
hamster kidney (BHK) cells, and a number of other cell lines. Suitable promoters for 
mammalian cells are also known in the art and include viral promoters such as that 
from Simian Virus 40 (SV40) (Fiers (1978) Nature 273:113), Rous sarcoma virus 

20 (RSV), adenovirus (ADV), and bovine papilloma virus (BPV). Mammalian cells may 
also require terminator sequences and poly-A addition sequences; enhancer sequences 
which increase expression may also be included, and sequences which cause amp- 
lification of the gene may also be desirable. These sequences are known in the art. 
Vectors suitable for replication in mammalian cells are known in the art, and 

25 may include viral replicons, or sequences which insure integration of the appropriate 
sequences encoding NANBV epitopes into the host genome. 

A vector which is used to express foreign DNA, and which may be used in 
vaccine preparation is Vaccinia virus. In this case the heterologous DNA is inserted 
into the Vaccinia genome. Techniques for the insertion of foreign DNA into the 
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vaccinia virus genome are known in the art, and utilize, for example, homologous 
recombination. The insertion of the heterologous DNA is generally into a gene which 
is non-essential in nature, for example, the thymidine kinase gene (tk), which also 
provides a selectable marker. Plasmid vectors that greatly facilitate the construction 
5 of recombinant viruses have been described (see, for example, Mackett et al. (1984) 
J. Virol. 49:857: Chakrabarti et al. (1985) Mol. Cell Biol. 5:3403; Moss (1987) in 
GENE TRANSFER VECTORS FOR MAMMALIAN CELLS (Miller and Calos, 
eds., Cold Spring Harbor Laboratory, Cold Spring Harbor, N.Y.), p. 10.). 
Expression of the HCV polypeptide then occurs in cells or individuals which are 
10 immunized with the live recombinant vaccinia virus. 

Other systems for expression of eukaryotic or viral genomes include insect 
cells and vectors suitable for use in these cells. These systems are known in the art, 
and include, for example, insect expression transfer vectors derived from the 
baculovirus Autographa californica nuclear polyhedrosis virus (AcNPV), which is a 

15 helper-independent, viral expression vector for use in Spodoptera frugiperda cells in 
culture, for example. Expression vectors derived from this system usually use the 
strong viral polyhedrin gene promoter to drive expression of heterologous genes. 
Currently the most commonly used transfer vector for introducing foreign genes into 
AcNPV is pAc373 (Fig. 70). Many other vectors, known to those of skill in the art, 

20 have also been designed for improved expression. These include, for example, 
pVL985 (which alters the polyhedrin start codon from ATG to ATT, and which 
introduces a BamHI cloning site 32 basepairs downstream from the ATT; See Luckow 
and Summers (1989) Virology 17:31.). 

Methods for the introduction of heterologous DNA into the desired site in the 

25 baculovirus virus are known in the art. (See Summer and Smith, Texas Agricultural 
Experiment Station Bulletin No. 1555; ; Smith et al. (1983) Mol. & Cell Biol. 
3:2156-2165.; and Luckow and Summers (1989)). For example, the insertion can be 
into a gene such as the polyhedrin gene, by homologous recombination; insertion can 
also be into a restriction enzyme site engineered into the desired baculovirus gene. 
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C. Vaccine Treatment of HCV 

In one embodiment of the invention, the immunogenic compositions comprised 
of a polypeptide having a region that binds an antibody directed to an antigenic 
determinant containing the SLF-Qjnotif is used for vaccine applications to stimulate 
5 immune responsiveness to the HCV antigenic determinant(s) containing the motif. 
Preferably, the polypeptides do not contain the specific E2HV sequences disclosed in 
PCT Publ. No. WO93/016126; Weiner et al. (1991), Virology 180:842-48; Weiner et 
al (1992), Proc. Natl. Acad. Sci. USA 89:3468-72; Weiner et al. (1992), Vaccines 
92:303-08, Cold Spring Harbor Laboratory. 
10 Preliminary evidence suggests that the hypervariable domain(s) of E2/NS1 may 

be responsible for escape mutants, leading to chronic HCV infections. 
However, a conserved region within the hypervariable region is suggestive that the 
conserved region has an important function and plays an essential role in virus 
binding and/or entry into and/or replication in the host cell. In virus binding it is 
15 contemplated that the binding may be to the cell and/or to another molecule which 
facilitates virus binding and/or entry and/or replication. The examples presented 
infra, are suggestive that virus binding to transthyretin and/or to thyroid binding 
globulin (TBG) are involved in the infective process. Thus, increasing an immune 
response to antigenic determinants containing the conserved 

^ 20 SLF -(^sequence may lead not only to protection against and/or alleviation of HCV 
infection, but also to a reduction in chronicity of HCV infection. In addition, the 
conserved region is also suggestive that the vaccines comprised of the x 

^ immununoreactive polypeptides having a region with the SLF-Gjpotif may be cross- 

reactive. 

25 In preferred applications for vaccines, the polypeptide compositions described 

herein are combined with other HCV subunit antigens, for example, those described 
in PCT Publ. No. WO92/08734. In cases where the composition is to be used for 
treatment of HCV, it is desirable that the composition be immunogenic. In instances 
wherein the synthesized polypeptide is correctly configured so as to provide the 
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correct epitope, but is too small to be immunogenic, the polypeptide may be linked to 
a suitable carrier. A number of techniques for obtaining such linkage are known in 
the art, including the formation of disulfide linkages using N-succinimidyl-3-(2- 
pyridyl-thio)propionate (SPDP) and succinimidyl 4-(N-maleimidomethyl)cyclohexane- 
1-carboxylate (SMCC) (if the peptide lacks a sulfhydryl group, this can be provided 
by addition of a cysteine residue.) These reagents create a disulfide linkage between 
themselves and peptide cysteine resides on one protein and an amide linkage through 
the e-amino on a lysine, or other free amino group in other amino acids. A variety of 
such disulfide/amide-forming agents are known. See. Jbr example, Immun. Rev. 
0 (1982) 62:185. Other bifunctional coupling agents ^^a^tnioether rather than a 

disulfide linkage. Many of these thio-ether-forming agents are commercially available 
and include reactive esters of 6-maleimidocaproic acid, 2-bromoacetic acid, 2- 
iodoacetic acid, 4-(N-maleimido-methyl)cyclohexane-l-carboxylic acid, and the like. 
The carboxyl groups can be activated by combining them with succinimide or 1- 
15 hydroxyl-2-nitro-4-sulfonic acid, sodium salt. Additional methods of coupling 

antigens employ the rotavirus/ "binding peptide" system described in EPO Publ. No. 
259,149. The foregoing list is not meant to be exhaustive, and modifications of the 
named compounds can clearly be used. 

Any carrier may be used which does not itself induce the production of 
20 antibodies harmful to the host. Suitable carriers are typically large, slowly 
metabolized macromolecules such as proteins; polysaccharides such as latex 
functionalized sepharose, agarose, cellulose, cellulose beads and the like; polymeric 
amino acids, such as polyglutamic acid, polylysine, and the like; amino acid 
copolymers; and inactive virus particles (see infra.). Especially useful protein 
25 substrates are serum albumins, keyhole limpet hemocyanin, immunoglobulin 

molecules, thyroglobulin, ovalbumin, tetanus toxoid, and other proteins well known to 
those of skill in the art. s- p\ 

The immunogenicity of the antigens comprised of the SLF~Gjnotif may also 
be enhanced by preparing them in eukaryotic systems fused with or assembled with 
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particle-forming proteins such as, for example, that associated with hepatitis B surface 
antigen. See, e.g., U.S. Patent No. 4,722,840. These constructs may also be 
expressed in mammalian cells such as CHO cells using an SV40-dihydrofolate 
reductase vector (Michelle et al. (1984)). 
5 In addition, portions of the particle-forming protein coding sequence may be 

r» replaced with codons encoding the SLF— G^itope from an HCV hypervariable 
domain. In this replacement, regions which are not required to mediate the 
aggregation of the units to form immunogenic particles in yeast or mammals can be 
deleted, thus eliminating additional HBV antigenic sites from competition with the 

10 HCV epitope(s). 

These vaccines may either be prophylactic (to prevent infection) or therapeutic 
(to treat disease after infection). 

Such vaccines comprise antigen or antigens, usually in combination with 
"pharmaceutically acceptable carriers, " which include any carrier that does not itself 

15 induce the production of antibodies harmful to the individual receiving the 
composition. Suitable carriers are typically large, slowly metabolized 
macromolecules such as proteins, polysaccharides, polylactic acids, polyglycolic 
acids, polymeric amino acids, amino acid copolymers, lipid aggregates (such as oil 
droplets or liposomes), and inactive virus particles. Such carriers are well known to 

20 those of ordinary skill in the art. Additionally, these carriers may function as 

immunostimulating agents ("adjuvants"). Furthermore, the antigen may be conjugated 
to a bacterial toxoid, such as a toxoid from diphtheria, tetanus, cholera, H. pylori , 
etc. pathogens. 

Preferred adjuvants to enhance effectiveness of the composition include, but 
25 are not limited to: (1) aluminum salts (alum), such as aluminum hydroxide, 

aluminum phosphate, aluminum sulfate, etc; (2) oil-in-water emulsion formulations 
(with or without other specific immunostimulating agents such as muramyl peptides 
(see below) or bacterial cell wall components), such as for example (a)MF59 (PCT ^ 
Q, Publ. No. WO 90/14837), containing 5% Squalene, 0.5%^we©n-S0^^M 0.5% Spitf?" 
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85^(6pti6nally containing various amounts of MTP-PE (see below), although not 

required) formulated into submicron particles using a microfluidizer such as Model 

HOY microfluidizer (Micr ofl ui dk s, Newton, 2^), (b) SAF, containing 10% 

g> Squalane, 0.4**%ee^$*]^ \ 

5 below) either microfluiCTized into a submicron emulsion or vortexed to generate a 

larger particle size emulsion, and (c) Ribi™ adjuvant system (RAS), (mtiLojL 

^ Immunochem, Hamilton, MT) containing 2% Squalene, 0.2% Tween 8(^ancfbne or" 

more bacterial cell wall components from the group consisting of monophosphorylipid 

A (MPL), trehalose dimycolate (TDM), and cell wall skeleton fCW<|^ preferably 

- 10 MPL + CWS (Detox™); (3) saponin adjuvants, such as'^ Ununc^ r <Cambridge 

A-* 

Bioscience, Worcester, MA) may be used or particles generated therefrom such as 
ISCOMs (immunostimulating complexes); (4) Complete Freunds Adjuvant (CFA) and 
Incomplete Freunds Adjuvant (IFA); (5) cytokines, such as interleukins (IL-1, IL-2, 
etc.), macrophage colony stimulating factor (M-CSF), tumor necrosis factor (TNF), 
15 etc; and (6) other substances that act as immunostimulating agents to enhance the 
effectiveness of the composition. Alum and MF59 are preferred. 

As mentioned above, muramyl peptides include, but are not limited to, N- 
acetyl-muramyl-L-threonyl-D-isoglutamine (thr-MDP) , N-acetyl-normuramyl-L-alanyl- 
D-isoglutamine (nor-MDP), N-aceJv^uramvi-L-ala^ 

2 ' -dipalmitoyl-jtt-glycero-3 huy^JyfrfiMty^ f etc . 

The immunogenic compositions (e.g., the antigen, pharmaceutically acceptable 
carrier, and adjuvant) typically will contain diluents, such as water, saline, glycerol, 
ethanol, etc. Additionally, auxiliary substances, such as wetting or emulsifying 
agents, pH buffering substances, and the like, may be present in such vehicles. 
25 Typically, the immunogenic compositions are prepared as injectables, either as 

liquid solutions or suspensions; solid forms suitable for solution in, or suspension in, 
liquid vehicles prior to injection may also be prepared. The preparation also may be 
emulsified or encapsulated in liposomes for enhanced adjuvant effect, as discussed 
above under pharmaceutically acceptable carriers. 
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Immunogenic compositions used as vaccines Comprise an immunologically 
effective amount of the antigenic polypeptides, as well as any other of the above- 
mentioned components, as needed. /Immunologically effective amount" means that 
the administration of that amount to an individual, either in a single dose or as part of 
a series, is effective for treatment. This amount varies depending upon the health and 
physical condition of the individual to be treated, the taxonomic group of individual to 
be treated (e.g., nonhuman primate, primate, etc.), the capacity of the individual's * 
immune system to synthesize antibodies, the degree of protection desired, the 
formulation of the vaccine, the treating doctor's assessment of the medical situation, 
and other relevant factors. It is expected that the amount will fall in a relatively 
broad range that can be determined through routine trials. 

The immunogenic compositions are conventionally administered parenterally, 
e.g., by injection, either subcutaneously or intramuscularly. Additional formulations 
suitable for other modes of administration include oral and pulmonary formulations, 
suppositories, and transdermal applications. Dosage treatment may be a single dose 
schedule or a multiple dose schedule. The vaccine may be administered in conjunc- 
tion with other immunoregulatory agents. 

In addition to the above, it is also possible to prepare live vaccines of 
attenuated microorgamsms which express recombinant polypeptides comprised of a 
region with the SLF-C^otif. Suitable attenuate* microorganisms are known in the 
art and include, for example, viruses (e.g., vaccinia virus) as well as bacteria. 

In addition, the vaccine containing the polypeptide with an antigenic 
determinant comprised of the conserved motif SlJ-^^^adnunistered in 
conjunction with other immunoregulatory agents, for example, immune globulins. 
D. Antibodies 

In another embodiment of the invention, the immunogenic polypeptides 
prepared as described above are used to produce antibodies, including polyclonal and 
monoclonal. If polyclonal antibodies are desired, a selected mammal (e.g., mouse, 
rabbit, sheep, goat, horse, etc.) is immunized with an immunogenic polypeptide 
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bearing an HCV epitope(s). Serum from the immunized animal is collected and 
treated according to known procedures. If serum containing polyclonal antibodies to 



antigenic determinant(s) comprised of the SLF--Gfjnotif contains antibodies to other 
antigens, the polyclonal antibodies can be purified by immunoaffinity 
chromatography. Techniques for producing and processing polyclonal antisera are 
known in the art, see for example, Mayer and Walker (1987). 

Alternatively, polyclonal antibodies may be isolated from a mammal which has 
been previously infected with HCV, and antibodies directed to antigenic 



determinant(s) comprised of the SLF-G"-vjnotif isolates Monoclonal antibodies 
directed against HCV epitopes can also be readily produced by one skilled in the art. 
The general methodology for making monoclonal antibodies by hybridomas is well 
known. Immortal antibody -producing cell lines can be created by cell fusion, and 
also by other techniques such as direct transformation of B lymphocytes with 
oncogenic DNA, or transfection with Epstein-Barr virus. See, e.g., M. Schreier et 
al. (1980); Hammerling et al. (1981); Kennett et al. (1980); see also, U.S. Patent 
Nos. 4,341,761; 4,399,121; 4,427,783; 4,444,887; 4,466,917; 4,472,500; 4,491,632; 
and 4,493,890. Panels of monoclonal antibodies produced against HCV epitope(s) 



comprised of the SLF»Grjnotif can be screened for various properties; i.e., for 
isotype, epitope affinity, etc. 

Antibodies, both monoclonal and polyclonal, which are directed against HCV 



epitope(s) comprised of the SLF— Crjnottf are particularly useful in diagnosis, and 
those which are neutralizing are useful in passive immunotherapy. Monoclonal 
antibodies, in particular, may be used to raise anti-idiotype antibodies. 

Anti-idiotype antibodies are immunoglobulins which carry an "internal image" 
of the antigen of the infectious agent against which protection is desired. See, for 
example, Nisonoff, A., et al. (1981) and Dreesman et al. (1985). Techniques for 
raising anti-idiotype antibodies are known in the art. See, for example, Grzych 
(1985), MacNamara et al. (1984), and Uytdehaag et al. (1985). These anti-idiotype 
antibodies may also be useful for treatment, vaccination and/or diagnosis of HCV 
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infection, as well as for^elucidation of the immunogenic region(s) of HCV antigens 
comprised of the SLF—G^motif. '^-^ 
E. Passive Immunization 

In another embodiment of the invention, compositions comprised of 
neutralizing antibodies directed to an antigenic determinant(s) comprised of the SLF-- 
G^wti?areuse^?or passive immunization of individuals for prophylaxis and/or 
therapy of HCV infection. If the antibodies are polyclonal, it is preferable to 
fractionate the antibody preparations prior to administration in order to separate and 
concentrate active fractions, for example, inter alia, IgGs and IgMs. Techniques for 
separating various fractions of antibodies are known by those of skill in the art, and 
require only routine methods. If monoclonal antibodies are used for passive 
immunization, it may be preferable to include a variety of monoclonal antibodies 
directed to one or more HCV antigenic determinants as well as the antibodies directed 
to the antigenic determmant(s) comprised of the SLF-Kj^motif. y 

Methods and protocols for passive immunization are known in the art, and are 
discussed in several of the references cited above. Generally, the antibodies are 
mixed with suitable excipients. The antibodies may be given in single or multiple 
doses, and in effective amounts. Generally, because of differences between 
individuals to which the antibodies are administered, the dosage and regimen is 
c^jtermined by the person supervising the administration. 
&. Diagnostic Assays 

Ay r 

For diagnostic application, it may be useful to employ the compositions of the 
present invention as antigens, thereby improving the ability to detect antibody to 
various HCV isolates. Typically the polypeptides can be used directly in a 
homogeneous or heterogeneous immunoassay format, the latter preferably comprising 
immobilizing the polypeptide on a solid substrate (e.g., microtiter plate wells, plastic 
beads, nitrocellulose, etc.). See, e.g.. PCT Publ. No. WO90/11089; EPO Publ. No. 
360,088; IMMUNOASSAY: A PRACTICAL GUIDE, supra. These immunogenic 
compositions comprised of a polypeptide containing a region with the SLF-^G-^mtf^* 
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are used to detect anti-HCV antibodies within biological samples, including for 
example, blood or serum samples. The immunoassay* will use at least one antigen 

. .. : . . . Xg&kttNo'.iyd 

with an antigenic determinant comprised of the SLF--G motif . It is also contemplated 
that antibodies directed to antigenic determinants comprised of the SLF~GUmotif may 
be used to detect antigens with the motif in biological samples. Design of the 
immunoassays is subject to a great deal of variation, and a variety of these are known 
in the art. Protocols for the immunoassay may be based, for example, upon 
competition, or direct reaction, or sandwich type assays. Protocols may also, for 
example, use solid supports, or may be by immunoprecipitation. Most assays involve 
the use of labeled antibody or polypeptide; the labels may be, for example, 
fluorescent, chemiluminescent, radioactive, or dye molecules. Assays which amplify 
the signals from the probe are also known; examples of which are assays which utilize 
biotin and avidin, and enzyme-labeled and mediated immunoassays, such as ELISA 
assays. 

Kits suitable for immunodiagnosis and containing the appropriate labeled 
reagents are constructed by packaging the appropriate materials, including the 
compositions of the invention in suitable containers, along with the remaining reagents 
and materials (for example, suitable buffers, salt solutions, etc) required for the 
conduct of the assay, as well as a suitable set of assay instructions. 
Gene Therapy 



A/ 



In another embodiment of the invention polynucleotides encoding immunogenic 

.... [M&i'Pd H$\\qM) 

polypeptides comprised of the SLF- v -<£niotif are used for purposes of gene therapy for 
individuals to prevent and/or alleviate HCV infections. The sequence encoding the 
immunogenic polypeptide containing a region comprised of the SLF-Qjnotif is ^ 
operably linked to a transcriptional control region. Transcriptional control regions are 
known in the art. 

In some embodiments of the invention, the transcriptional control regions may 
be hybrids, including enhancer regions, multimeric transcription factor binding sites 
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(e.g., NF-AT and/or NFKB), secretion signals, or positive r£m&t&&t€nab\Q the 
selection of cells carrying the recombinant polynucleotide. 

Polynucleotide constructs prepared for introduction into a prokaryotic or 
eukaryotic host cell for replication may comprise a replication system recognized by 
the host, including the intended recombinant polynucleotide fragment encoding the 
desired polypeptide. Such vectors may be prepared by means of standard 
recombinant techniques well known in the art and discussed, for example, in 
Sambrook et al. (1989) or Ausubel et al.(1987). 

The recombinant polynucleotides encoding the polypeptides of the invention 
may be introduced into individuals in several ways. For example, the polynucleotides 
may be introduced ex vivo into a host cell, for example, dendritic cells, or cells from 
a skin biopsy. The cells containing the recombinant polynucleotide may be used to 
confer immunity to individuals. The cells are usually administered by infusion, with 
each infusion in a range of at least 10 6 to 10 10 cells/m 2 , preferably in the range of at 
least 10 7 to 10 9 cells/m 2 . The clones may be administered by a single infusion, or by 
multiple infusions over a range of time. However, since different individuals are 
expected to vary in responsiveness, the type and amount of cells infused, as well as 
the number of infusions and the time range over which multiple infusions are given 
are determined by the attending physician or veterinarian, and can be determined by 
routine examination. 

The polynucleotides encoding the immunogenic polypeptides comprised of the 
SLF-CJjnottf may be introduced into the desired cell ex vivo by means known in the 
art, including, for example, transformation, electroporation, lipofection, and 
transduction, including the use of adeno-associated viral (AAV) vectors, and 
particularly using methods of retroviral gene transfer known in the art. 

Various infection techniques known in the art have been developed which 
utilize recombinant infectious virus particles for gene delivery. Retroviral vectors 
provide a highly efficient method for gene transfer into eukaryotic cells. Numerous 
retroviral vector constructs have been used successfully to express many foreign genes 



28 PATENT 
Docket No. 0938.001 

(see, e.g., Cofin, in Weiss et al. (eds. ), RNA Tumor Viruses, 2nd ed., vol. 2 (Cold 
Spring Harbor Laboratory, New York, 1985, pp. 17-71). 

In other embodiments of the invention, the recombinant polynucleotides 
encoding the immunogenic polypeptides containing the Sl^-^^nfotn^are^mtroduced 
directly into the individual to be treated and/or immunized. In these embodimen&t is 

A 

preferred that the polynucleotide be in the form of an expression vector, and even 
more preferably a circular plasmid. The polynucleotides are mixed with suitable 
excipients, and administered to the individual by any suitable means known in the art, 
including, for example parenteral (including, for example, intravenous, 
intraperitoneal, intramuscular, and subcutaneous) ingestion, lipofection, and 

jransdermal. 

HP. Examples 

Described below are examples provided only for illustrative purposes and not 
to limit the scope of the present invention. In light of the present disclosure, 
numerous embodiments within the scope of the claims will be apparent to those of 
ordinary skill in the art. 

Example 1 

Identification of a Conserved Motif in E2HV 
A conserved motif(s) within the E2HV domain was identified by examining 90 
E2HV sequences from isolates from around the world for conserved features. The 
HCV sequences examined are shown in Fig. 2. The examination showed significant 
variability of the E2HV sequences. 

E2HV sequence data from patients followed sequentially after HCV infection 
is indicative that mutations appear with greater frequency between amino acids 395 to 
407 and with time appear throughout the remainder of the E2HV domain. See Fig. 3, 
which presents the sequence data for three patients: Hutchinson (H) (Ogata et al. 
(1991), Proc. Natl. Acad. Sci. USA 88:3392-3396); HC-J4 (Okamoto et al. (1992), 
Virology 188:331-341); and NY/RS (Kato et al. (1992), Biochem. Biophys. Res. 
Commun. 181:279-285). 
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It is also observed from Fig. 3 that Patient RS appears to have a different 
pattern of fewer, randomly distributed point mutations accumulating over time. The 
RS pattern of amino acid substitutions has been observed in a subset of HCV infected 
patients and in a chronically infected chimpanzee (See, for example, Weiner et al. , 
5 Vaccines 92, supra.) An explanation for the difference in the pattern of mutations 
accumulated with time in patients RS and NY, for example, is that individuals such as 
RS fail to make antibodies to the E2HV epitope(s). In the absence of positive 
immune selection, the sequence mutates randomly as a quasispecies distribution of 
HCV variants evolves. The chronically infected chimpanzee, who had a poor 
10 immune response to HCV antigens, showed a similar pattern of E2HV mutations as 
patient RS. 

The results of the examination of sequences is shown in Fig. 4, which shows 
the degree of conservation of character of amino acids 384 to 407. Although no two 
E2HV sequences are identical, amino acids 401 to 403 and 406 to 407 are strongly 
15 conserved for the characteristics of the amino acids at those positions. Amino acid 
401 is S, G, A, D, K, R, or T; amino acid 402 is L, F, I, M, or W; amino acid 403 
is F or L; amino acid 406 is G or A; amino Acid 407 is A, P, or S. The relative 
prevalence of the amino acids in these positions in the 90 sequences examined is 
shown in Table 2. 
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Table 2. Summary of Amino Acid Substitutions in the 
E2HV Conserved Motif 



s 


T 




yj 




aa401 


aa402 


aa403 


aa406 


aa407 


62 S 


68 L 


77 F 


89 G 


45 A I 


18 G 


12 F 


13 L 


1 A 


35 P 


2 A 


61 






10 S 


2 T 


3M 








1 D 


1 W 








1 K 










4R 











Example 2 
Mapping of HCV1 E2HV Epitopes 

For epitope mapping of the E2HV region of E2/NS1, see PCT Publ. No. 
WO93/00365, with the following modifications. Overlapping peptides from the 
sequence spanning amino acid positions 384 to 413 of HCV1 attached to pins were 
prepared. The peptides were reacted with an IgG preparation from sheep that had 
been immunized with a conjugated 30-mer peptide from the same region. 

The sheep IgG preparations containing anti-HV E2 antibodies were prepared 
from sheep immunized with a peptide coupled to diphtheria toxoid. The peptide 
spanned the HCV1 E2HV region, and had the following sequence: 

acetyl-C-B-E-T-H-V^^G-S-A-G^ 
^2_^-N^ 

" ' "^sults of the screening using Ueep serum IgG sl634-2 and sl635-2 from 
sheep immunized with the conjugated 30-iher are shown in Fig. 5. The results 
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indicate that sheep 1634-2 IgG reacts with the minumum epitope 4(X VSLLA 4( *!lgG 



from sheep 1635-2 has a broader reactiyjty profile— the sera reacts with the^eptides 
containing the minimum ^^SlJLP^^^^^^ '^^^^^^^^^id^ containing the 
minimum epitopes 401 SLLAPGA^^5^SaPGA 40 |^ xnusy TOe^V?preparation from 
sheep immunized with the 30-mer peptide \f E2HV is reactive with linear epitope(s) 
between amino acids 400 to 407. 

Within the conserved region of EZHV^^e science of the conserved motif of 






CV1 is S-L-L-aa4^aa^-G : (A/P/S^£^^stitution of L for F in the motif S-L-F- 

co^isei 



^-aa5-G-(A/P/S^Trfourrs^bnservative with respect to the amino acid characteristics. 
The methods used in this example are described below. 
Synthesis of overlapping peptides 

The synthesis of the overlapping peptides was as follows. Specially prepared 
and derivatized polyethylene pins arranged on a block in an 8x12 array (Coselco 
Mimotopes, Victoria, Australia) were prepared by placing the pins in a bath (20% v/v 
15 piperidine in dimethyformamide (DMF)) for 30 minutes at room temperature. The 
pins were then removed, washed in PMF for 5 min, then washed in methanol four 
times (2 min/ wash). The pins were allowed to air dry for at least 10 min, then 
washed a final time in DMF (5 min). 1-Hydroxybenzotriazole (HOBt, 367 mg) was 
dissolved in DMF (80 ml) for use in coupling Fmoc-protected amino acids: Fmoc-L- 
20 Ala-OPfp, Fmoc-L-Cys(Trt)-Opfp, Fmoc-L-Asp(0-fBu)-OPfp, Fmoc-L-Glu(O-fBu)- 
OPfp, Fmoc-L-Phe-OPfp, Fmoc-Gly-OPfp, Fmoc-L-His(Boc)-OPfp, Fmoc-L-Ile-OPfp, 
Fmoc-L-Lys(Boc)-OPfp, Fmoc-L-Leu-OPfp, Fmoc-L-Met-OPfp, Fmoc-L-Asn-OPfp, 
Fmoc-L-Pro-OPfp, Fmoc-L-Gln-OPfp, Fmoc-L-Arg(Mtr)-OPfp, Fmoc-L-Ser(f-Bu)- 
ODhbt, Fmoc-L-Thr(f-Bu)-ODhbt, Fmoc-L-Val-OPfp, and Fmoc-L-Tyr-OPfp. 
25 The protected amino acids were placed in microtiter plate wells with HOBt, 

and the pin block placed over the plate, immersing the pins in the wells. The assem- 
bly was then sealed in a plastic bag and allowed to react at 25 °C for 18 hours to 
couple the first amino acids to the pins. The block was then removed, and the pins 
washed with DMF (2 min), MeOH (4x2 min), and again with DMF (2 min) to 
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clean and deprotect the bound amino acids. The procedure was repeated for each 
^ additional amino acid coupled, until all octamers had been prepared. The free N- 
termini were then acetylated to compensate for the free amide, as most of the epitopes 
are not found at the N-terminus and thus would not have the associated positive 
5 charge. Acetylation was accomplished by filling the wells of a microtiter plate with 
DMF/acetic anhydride/triethylamine (5:2:1 v/v/v) and allowing the pins to react in the 
wells for 90 min at 20°C. The pins were then washed with DMF (2 min) and MeOH 
(4x2 min), and air dried for at least 10 min. 

The side chain protecting groups were removed by treating the pins with tri- 

10 fluoroacetic acid/phenol/dithioethane (95:2.5:2.5, v/v/v) in polypropylene bags for 4 
hours at room temperature. The pins were then washed in dichloromethane (2x2 
min), 5% di-isopropylethylamine/dichloromethane (2x5 min), dichloromethane (5 
min), and air-dried for at least 10 min. The pins were then washed in water (2 min), 
MeOH (18 hours), dried in vacuo, and stored in sealed plastic bags over silica gel. 

15 Binding Assay 

In order to assay binding to peptides, octamer-bearing pins prepared as 
described above were first treated by sonicating for 30 min in a disruption buffer (1 % 
sodium dodecylsulfate, 0.1% 2-mercaptoethanol, 0.1 M NaH 2 P0 4 ) at 60°C. The pins 
were then immersed several times in water (60°C), followed by boiling MeOH (2 
20 min), and allowed to air dry. 

The pins were then precoated for 1 hour at 25 °C in microtiter, wells containing 
200 \kL blocking buffer (1 % ovalbumin, 1 % BSA, 0.1 % Tween® 
PBS), with agitation. The pins were then immersed in microtiter wells containing two 
preparations of IgG obtained from sheep immunized with E2HV peptide. 
25 Preparation of IgG containing anti-HCV HV E2 antibodies 

The preparation of sheep IgG and of the conjugated peptide was as follows. 

The sheep were immunized with 50 to 100 nmoles of the conjugated peptide in 
Freund's Complete Adjuvant (CFA); 14 days later, the sheep were immunized a 
second time, but the conjugated peptide was in Freund's incomplete adjuvant. Three 
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to four weeks later, the sheep were bled, and IgG in the serum was precipitated with 



treatment, detergent was removed by precipitating the IgG fraction with 50% 
5 ammonium sulfate, collecting and washing the precipitate twice with a solution 

containing 50% ammonium sulfate, followed by solubilization in and dialysis for two 
days against phosphate buffered saline (PBS). The resulting IgG preparation was 
sterilized by passage through a filter prior to use for immunization. 
Coupling of the Diphtheria Toxoid Carrier Protein to MCS 
10 The peptide-diphtheria toxoid conjugates were prepared using the following 

protocol. 
Materials: 

ethylene diamine tetra-acetic acid (EDTA Na 2 .2H 2 0) (MW 372) 
6-maleimido-caproic acid N-hydroxysuccinimide ester (MCS) (Sigma) - 95 % pure 
15 sodium dihydrogen orthophosphate (NaH 2 P0 4 ) 
nitrogen 

dimethylformamide (DMF) 
Milli Q water 

0. 1 M phosphate buffer containing 5 mM EDTA, pH 6.66 
20 0. 1 M phosphate buffer, pH 8.0 
0.1 M phosphate buffer, pH 7.0 
sodium succinate [(CH 2 COONa) 2 .6H 2 0] 
cysteine 

hydrochloric acid (2% solution) 
25 0.1 M sodium succinate/0.1 EDTA, pH 5.6 

Purified diphtheria toxoid (Commonwealth Serum Laboratories, Victoria, 
Australia) was coupled to MCS according to the method described by Lee et al., 
(1980) Mol. Immunol. 17:749; Partis et al., (1983) Prot. Chem. 2:263; Peeters et al., 
(1989) J. Immunol. Methods 120:133; Jones et al., (1989) J. Immunol. Methods 



50% ammoniu 




containing 1 % 
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JflS ? l & 123:211. 100 ml of diphtheria toxoid was passed through a G25 

(17cm X 4 cm) to remove ^tSSmSmk The toxoid was eluted with 0.1 M 
buffer pH 7.0 and the protein content of the eluate was assayed using the BCA 
protein determination (Pierce). The resulting solution was concentrated using an 
5 Amicon ultrafiltration unit to a final concentration of 10 mg/ml. 

One milliliter of the toxoid solution was dialyzed with 0.1 M phosphate buffer, 
pH 8.0, and then mixed with a solution of 1.5 mg MCS in 200 ft\ DMF. The 
resulting solution was incubated at room temperature for 1 hour in the dark with 
occasional mixing. In order to se^ajcateAthe uncoupled MCS fmm_the MCS-toxoid, 
*y AO the solution was passed through a Sepfia^^ tad been 

equilibrated with 0.1 M phosphate buffer, pH 6.66 and the protein fraction was 
collected. 

The number of maleimido groups coupled per carrier molecule was determined 
prior to coupling of the HCV peptides thereto. Thirty milliliters of the 

15 succinate/EDTA buffer was sparged with nitrogen for 2 minutes. Five milligrams of 
cysteine was transferred into a 25 ml volumetric flask and dissolved in a final volume 
of 25 ml of the sparged buffer. Aliquots of the solutions shown in Table 3 were 
transferred in duplicate to 25 ml screw capped bottles. Using separate pipettes, 
nitrogen was bubbled into each aliquot. Each bottle was then sealed and incubated at 

20 room temperature in the dark for 40 minutes with occasional swirling. 
Table 3. 

Solution Sample (ml) Standard (ml) Blank (ml) 

activated carrier 0.3 
phosphate buffer - 0.3 0.3 

25 cysteine solution 1.0 1.0 

succinate buffer - - 1.0 



* A 0.1 ml aliquot of each of the 3 solution was taken for an Ellman's determination. 



35 



PATENT 

Docket No. 0938.001 . 



Ellman's Test for the Quantitative Determination of Sulfhydryl 
Materials Required: 
Phosphate buffer, pH 8.0 

Dissolve 15.6 g NaH 2 P0 4 or 12.0 g NaH 2 P0 4 anhydrous in approximately 700 



5 ml Milli Q water. Adjust the pH to 8.0 using 50% NaOH. Add Milli Q water for a 
final volume of 1000 ml and then adjust the pH if necessary. 
Ellman's Reagent 

Dissolve 10.0 mg of 5,5 , -dithiobis-2- nitrobenzoic acid (DTNB) in 2.5 ml of 
phosphate buffer, pH 8.0 

10 0. 1 ml of Ellman's reagent was added to each of the. OA jal aliquots of the 

solutions prepared above, namely the sample, standard and ftaM^soTutions. Five 
milliliters of phosphate buffer, pH 8.0, was then added to each aliquot, mixed well 
and allowed to stand for 15 minutes. The absorbance of each aliquot was measured in 
a 1 cm path length cell at 412 nm. 

15 The number of maleimido groups present on the carrier protein was 

determined according to the following method. A 0.01 /xmol per ml solution Of -SH 
produces an absorbance of 0.136 in a 1 cm light path at 412 nm. The absorbance of 
the Standard or Sample (A) is equal to the amount of cysteine reacted with the 
coupled maleimido groups on the activated carrier protein. Since 1 mol of available - 

20 SH reacts with 1 mol of maleimido, the concentration in jumols of the maleimido 
groups present in the aliquot tested is equal to A(0.01)/0.136 ^mol/ml. The total 
volume of the solution was 5.2 ml. Therefore, the total number of fimols present was 
equal to A(0.01)(5.2)/0.136. The sample solution had a total volume of 1.3 ml, of 
which 0.3 ml consisted of the activated carrier protein. The amount of maleimido 

25 groups present in the sample solution was calculated as 
A(0.01)(5.2)(1.3)/(0.136)(0.1)(0.3) = A(16.57) ^mol/ml. 
The MCS-activated carrier protein was stored at -20 9 C. 
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Reduction of the HCV Peptides 

Prior to coupling of the HCV peptides to the MCS-activated carrier protein, 
the peptides were reduced to ensure that thiol groups present on the peptides were in 
the fully reduced -SH form. 
5 Materials Required: 
dithiothreitol (DTT) 

ammonium hydrogen carbonate (NH 4 HC0 3 ) 
methanol /jG^A 

^ SEP-PAKs^C18 cartridge, Waters), 1 cartridge for each 8 mg of peptide 
10 0. 1 M ammonium hydrogen carbonate buffer ^ 

Dissolve 7.9 g NH 4 HC0 3 in 1 L Milli Q water ^ 
Buffer A, 0.1 % v/v trifluoroacetic acid (TFA) in Milli Q >~ water 



3f Buffer B, 60% v/v acetonitrile, 0.1 % v/v TFA in Milli water 

15 mg of the HCV peptide were added to 2.5 ml of 0.1 M ammonium 
15 hydrogen carbonate containing a 10 fold molar excess of DTT. The resulting solution 
was mixed until the peptide had dissolved^md^w^then allowed to stand for 1 hour at 
^ q, room temperature. A pair of SEP-PAKs^erer connected in series and activated by 

passing approximaW^ 20 ml of methanol and then 20 ml of Buffer A through the pair 



^/ of ^P -j^A - ^ Tnepeptide/DTT sample was slowly passed through a pair of SEP- 
bf PAK^-Me DTT was eluted with approximately 20 ml of Buffer A. The reduced 
peptide was eluted with 7 ml of Buffer B into a pre-weighed bottle and then freeze- 
dried overnight. The bottles were then weighed to determined the amount of 
recovered peptide. The reduced peptide was then immediately coupled to the MCS- 
activated carrier protein. 
25 Coupling HCV Peptides to MCS-Activated Carrier Protein 

Approximately 100 ml of 0.1 M phosphate buffer with 5 mM EDTA, pH 6.66 
was degassed under vacuum and then sparged with nitrogen for 10 minutes. Twenty 
milliliters of a 10 mg/ml solution of the MCS-activated carrier protein was carefully 
sparged with nitrogen to prevent excessive frothing. 5 mg of the reduced peptide 
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were dissolved in approximately 0.2 ml of the degassed sparged phosphate/EDTA 
buffer, pH 6.66 and then mixed with the MCS-activated carrier protein solution. The 
resulting mixture was transferred into a screw capped bottle which was then filled 
wi^njtrj^£-and sealeo^Th^ solution was further degassed by holding the bottle in 





sonication bath for 2 minutes. The bottle was covered with 
aluminum foil and incubated overnight at room temperature with slow mixing on a 
shaker table. 

The resultant conju^te-^as sNub^a mijdje ^coupled peptide was removed by 
^ passing the mixture over a-^^Mcrl^^coMnn which had been equilibrated with 
10 the phosphate/EDTA buffer, pH 6.66. The protein fraction was collected. The 

amount of peptide conjugated to the carrier protein was determined by amino acid 

analysis. 

An amino acid analysis of 150 pi aliquots of both the conjugate and the carrier 
protein was performed. The average ratio of the level of amino acids contributed 
15 solely by the carrier protein was determined to calculate the amount of conjugated 
peptide produced. Levels of serine, threonine, tryptophan, methionine, tyrosine and 
cysteine were not determined as these amino acids are modified under the standard 
hydrolysis conditions. 

Example 3 

20 Passive Immunization with Anti-E2HV Antibodies 

The IgG preparation from sheep immunized with a 30-mer peptide from E2HV 
of HCV1 was used for passive immunization to determine its protective effect against 
infection by HCV. 

A chimpanzee was immunized with the anti-E2HV sheep IgG preparation that 
25 had been prepared from sheep immunized with a peptide encompassing HCV1 E2HV 
coupled to diphtheria toxoid. The preparation of the IgG preparation is described in 
Example 2. Twenty four hours later, the chimpanzee was challenged with 10 
chimpanzee infectious doses (CID)/ml of HCV1 inocula. Prior to inoculation, the 
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vims was thawed, immediately diluted to 10" 5 in sheep serum, and incubated for 20 
minutes at room temperature. 

The chimpanzee was examined for signs of viremia at weekly intervals after 
the challenge, using as indicators physical symptomology associated with HCV 
5 infection and the presence of viral RNA in the serum as detected by PCR assay. 
Using the PCR assay method described below, HCV RNA was still not detected in 
the serum after 6 weeks post-challenge. In chimpanzees viral RNA is usually 
detected approximately three weeks after the challenge dose. The lack of physical 
symptoms associated with acute viremia and the absence of histological and 
10 biochemical markers associated with HCV infections were consistent with the results 
of the PCR HCV-RNA assays. These results are suggestive that the passively 
immunized animals did not become infected by the viral challenge. 

The following protocols are used in this study. 
Detection of HCV Viral RNA 
15 The following method is employed to detect viral RNA circulating in plasma 

or present in liver biopsy tissue collected from the chimpanzees. 
Commencing one week following the viral challenge, the chimpanzee is monitored for 
viremia on a weekly basis. In order to detect viremia, blood samples and liver 
biopsy specimens are collected on a weekly basis. Tissue collected by liver biopsy is 
20 examined histologically for signs of necrosis and/or inflammation. In addition, 
hepatocytes from the biopsy material are examined by electron microscopy for the 
presence of tubules characteristic of HCV infection. The blood samples are also 
analyzed by an ELJSA assay for the presence of antibodies to segments of viral 
polypeptides which were not utilized in preparing the vaccine. 
25 cPCR Method to Detect HCV RNA in Liver and in Serum 

In the cPCR assay, putative viral RNA in the sample is reverse transcribed 
into cDNA with reverse transcriptase; a segment of the resulting cDNA is then 
amplified utilizing a modified version of the PCR technique described by Saiki et al. 
(1986). The primers for the cPCR technique are derived from HCV RNA. 
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Amplified product corresponding to the HCV-RNA is detected utilizing a probe 
derived from HCV cDNA. 

The cPCR/HCV assay used in these studies was performed utilizing the 
following methods for the preparation of RNA, the reverse transcription of the RNA 
into cDNA, the amplification of specific segments of the cDNA by PCR, and the 
analysis of the PCR products. 

In order to isolate total RNA from plasma, the plasma was diluted five- to 
ten-fold with TENB (0.1 M NaCl, 50 mM Tris-HCl, pH 8.0, 1 mM EDTA) and 
incubated in a Proteinase K/SDS solution (0.5% SDS, 1 mg/ml Proteinase K, 20 
micrograms/ml Poly A carrier) for 60 to 90 minutes at 37°C. The samples were 
extracted once with phenol (pH 6.5), the resulting organic phase was re-extracted 
once with TENB containing 0.1 % SDS, and the aqueous phases of both extractions 
were pooled and extracted twice with an equal volume of phenol/CHCyisoamyl 
alcohol [1:1(99:1)]. The resulting aqueous phases were extracted with an equal 
volume of CHCl 3 /isoamyl alcohol (99:1) twice, and ethanol precipitated using 0.2 M 
sodium acetate, pH 6.5, and 2.5 volumes of 100% ethanol; precipitation was 
overnight at -20°C. 

The cDNA used as a template for the PCR reaction was prepared utilizing the 
designated samples for preparation of the corresponding cDNAs. Each RNA sample 
(containing RNA from 40 microliters of plasma) was incubated in a 25 microliter re- 
action containing 100 pmol micromolar of JH51 primer, 1 mi|limolar of each 
deoxyribonucleotide triphosphate (dNTP), 50 millimolar TrisifeM, pH 8.3, 5 
millimolar MgCl , 5 millimolar dithiothreitol (DTT), 73 millimolar KC1, 40 units of 
RNase inhibitor (RNASIN), and 5 units of AMV reverse transcriptase. The 

o 

incubation was for 60 minutes at 37 C. Following cDNA synthesis, the reactions 
were diluted with 50 microliters of deionized water (DIW), boiled for 10 minutes, and 
cooled on ice. 

Amplification of a segment of the HCV cDNA was performed utilizing two 
synthetic oligomer 18-mer primers whose sequences were derived from HCV cDNA 
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clones JHC51 (anti-sense) and JHC93B (sense). The primers were used at a final 

concentration of 100 pmol/^l each. In order to amplify the segment of HCV cDNA 

which is flanked by the primers, the cDNA samples were incubated with 0.1 

microgram of RNAse A and the PCR reactants of the Perkin Elmer Cetus PCR kit 

5 (N801-0043 or N801-0055) according to the manufacturer's instructions. The PCR 

reaction was performed for 40 cycles in a Perkin Elmer Cetus DNA thermal cycler 

model 9600. Each cycle consisted of a 10 second denaturation step at 94^* 

i, an - 

annealing step of 30 seconds at 55 C, and an extension step of 3 minutes at 72°C. 
However, the cxtmsw n^tep in the final cycle 40 was 7 minutes rather than 30 
10 seconds. After amplification the samples were analyzed using a liquid hybridization 
protocol described in Weiner, A.J. et al., "PCR: Application to Hepatitis C virus 
(HCV) Research and Diagnostics" in Frontiers in Virology Vol. 1 (Springer Verlag). 
i 

The expected PCR product was 242 bp in size. Products which hybridized 
15 with the radiolabeled probe and migrated in the gels in this size range were scored as 
positive for viral RNA. 

Liquid Hybridization Protocol for Analysis of HCV PCR Products 
lOx salts: 

5 ml 20x SSC 
20 40 ml 250 mM EDTA 

55 ml P-30 DIW (good quality "injectable" water) 



100 ml lx SSC, 10 mM EDTA 



25 



Post-PCR reaction: 

Remove samples from under oil (PCR tube) to fresh tubes (screw-capped), 
avoiding the oil. Aliquot 10 fil to fresh tube for hybridization reaction. 
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Probe mix/reaction: 

7 fi\ P-30 DIW: 
2 fd lOx Salts: 

1 fil Alex 89 or 5'UTP-2: minimum of 2.5 10 5 cpm//*l (1 ^1=1 pmol). Use 1 
pmol/reaction. 



10 /*1 probe mix (enough for one hybridization reaction) 

Hybridization: * 
« 

combine 10 fxi sample and 10 fil probe mix 
add 1 or 2 drops oil to cover 
heat ~ 100°C 5' in heat block (VWR) 
remove block from heater to bench top 
cool to ~55°C (20-30') 

remove samples from under oil to tubes with 2 jil lOx dye 
run total or 1/2 on 6% PAG (BioRad Mini-Protean n system) 
attach gel to 3MM paper and cover with Saran wrap 
dry 20' (till flat) on gel dryer 

Autoradiograph by exposing film to gel 3 hours, overnight, and 5 to 7 days. 

lOx dye: 

0.25% Bromophenol Blue 
0.25% Xylenecyanol FF (XCFF) 
25% Ficoll type 400 
in H 2 0 

(from Maniatis) 
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Gels: 



Use either precast 5 % TBE gels (BioRad) or pour 6% TBE gels. 



6% TBE PAG: 



8 ml 30-0.8% Acrylamide 
4 ml lOx TBE 



5 



28 ml P-30 DIW 



de-gas with vacuum 
add 240 /il 10 % APS 
add 40 fi\ TEMED 
swirl and pour, set 20' 



10 



Note: Samples can be ethanol-precipitated in order to use 100% of the PCR products 
in the hybridization. . 



Monoclonal antibodies that bind to thyroxine (T4) were prepared by Dr. Mario 
Geysen, Chiron Mimitopes Ltd, Australia. The binding of these antibodies to 
overlapping peptides that span the E2HV region was assessed. Peptides on pins were 
prepared essentially as described above in Example 2, except that the HCV E2HV 

20 sequence spanned from amino acid 383 to 413 of HCV1. The binding of the anti-T4 
monoclonal antibodies to the HCV E2HV mimitopes was performed in duplicate. 
The binding results are shown in the bar graph in Fig. 6, where the solid and shaded 
bars represent binding of each of the duplicate samples. As seen in the figures, the 
anti-T4 antibodies were immunologically reactive with epitope(s) encompassed within 

25 the HCV1 sequence that spanned from aa395 to aa407. 



>umin, and thyroid binding globulin (TBG) to overlapping peptides spanning E2HV 



15 



Example 4 

Binding of Anti-thyroxin Monoclonal Antibodies 
to HCV E2HV Domain Peptides 



Example 5 
Binding of Serum Proteins to HCV 
The binding of threelserum proteins, human prealbumin, human serum 
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was performed. Octamer bearing pins were prepared as described in Example 1 . 
The binding of the designated serum proteins to the octamers was determined by an 
ELISA assay, using antibodies directed to the specific proteins. Controls were run in 
the absence of the serum proteins put in the presence of the respective antibodies. 

e results, shown as difference plots, are shown in Fig. 7. Based upon the results, 
it appears that transthyretin binds to at least one minimum epitope in the 
hypervariable region. In addition, Ihe results are suggestive that TBG binds to two 
minimum epitopes, one of which encompasses the SLF--G motif. 



